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Vo fifom K, decay/s

v ‘_ 1287°T(K;;) 1
- GIEMESEWIK(/1+) f+K7Z(O)

= high statistics experiments (E865, KLLOE, KTeV,
NA48) provide Br(Kiz) with =1%, accuracy

= dominant uncertainty comes from the theoretical
estimate ofi the vector form factor f..(0)

(z(P")V,|K(p))=f.(@*)(p+p),+ f.(@*)(p-p),

s reliable calculation from the first principle ot QCD!is
highly desirable



1.(0) firem chiral perturbation theoky,

s f,(0)=1 inithe SU(B) limit
= estimation of corrections from 1sespin breaking, SU(3)
preaking Is the key.

s [_eutwyler and Roos (1984)
s 1,.(0)=1+1,+1,=1-0.023-0.016(8)=0.961(8)
= fi, IS Unambiguoeusly determined by f_and mgs from ChPT
= fough estimate-of f, using a model of the wave function
= higher order and radiative correction
= ChPT at O(p®) and electromagnetic correction at O(e?p?)
= need better experimental resolution to determine LECs



. (0) frem lattice @CID

= Becirevic et al.

= NT=0; O(a)-improved Wilson+ plaguette

s f(0)=1+f,+1,9=1-0.023-0.017(5)(7)=0:960(9)
= RBC collaboration

x Nf=2, domain-wall guark + DBWW?2

= ,.(0)=0.955(12)
a Fermilab/MILC/HPQCD collaboration

s Nf=2+1, Improved staggerd + Symanzik

= 1, (0)=0.962(6)(9)



JIE@QCID Ni=2 configurations

gauge confiigurations include
internal loep effects ofi up and

downiquarks 02901 Pion decay constant

Noen-perturbatively O(a)-
Improved Wilsen fermion +
plaguette gauge

20°x48, =5.2, a*~0.1 fm

5 guark masses correspond to
m_=550~1000 MeV

1,200 configs separated by 10
HMC. trajectories

light hadron spectrum, decay.
constant and guark masses / B
meson decay constant and Bag
parameters




S-stepistrrategy to calculate 1. (0)

f, (0){1+ £(0) "~ e
m, —m M, +m

Va

f.(0)=f, (qéax){1+ E(Omax)

m, + m. —
< f, (qéax){1+ E(Q7 ) —=
m, +m

K

1. determine fj at g...,2=(m,-m )z
2. Interpolate to g2=0
3. subtract unnecessary contribution from £(0)=f (0)/f.(0)

1jo achieve a few percent accuracy,
a set of double ratio of correlation functions: Is used
— renormalization factors and bulk of statistical fluctuations;cancel
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Step 1: determine fo(qmaxz)

(t.T/2:0,0)Cy,,. (t.T/2,00) (7(O)V,|[K(0))(K(O)V.|z(0)

MU= el

Cou (LT 1200)Cy LT 1200)  ((ON, @)K (QN]K(O))

i

m, +m_

2\/7

three—pomt function
Cu - (1, P, ) = > <7r(ty, YV, (t,, X)K (0)>e+iq~>“<e—r)-7

s Double ratio used before for

semileptonic B decay by the
Fermilab group

= Measures SU(3) breaking at
qmaxzz(mK_mﬁ)2

= larger deviation from 1 for
larger mass diffierences

o K=
o K=

> K =
A K
K =

0.1340
0.1343
0.1346
0.1350
0.1358




Step 2: Interpolate to az=0

CawT/2,5,0)  (m(PIV.JK(0))
Cax (t.T1200)  (7(O)V,K©O) m, +E
— e 7 - -~
C..(t P) (z(p)P0) My +m
C (t0) (z(0)|P[0)

R,(t; p) =

= 2pt. function In the
denominator Is to cancel
the energy mismatch

s_exactly 1 in zero-recoll
case

= Interpolate to g=0 with
a guadratic function

f.(g ){1+5<q) +E}

T

§ f+(qiax){1+§(qfnax)m — M, }

m,+m

Kq,=0.1355 (lightest)

o K =0.1340
0 K =0.1343
K_=0.1346
A K =0.1350
K_=0.1355

T, (1)



Step 3 subtract ¢ contrikution

o K _=0.1340
o K =0.1343
o K =0.1346
A K =0.1350

= (° dependence is very small
and seems te:lbe
Independent of the strange
guark mass

= extrapolation to g?=0 Is
done by assuming linear
dependence

K...=0.1355 (lightest)




Chiral extrapolation

m the chiral legarithm Is
significant enly In the
iegion where m. 2
<<m, 4, While the data
region ¥z < m_4/m, % < 2
IS well described by the
guadratic form

s partially quenched
ChPT formula by

Becirevic et al. 1s used —
f. (0)= f"(0)- f,” + f, =0.945(6) (preliminary)
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Results for 1., (0)

[Ceutwyiler and Rooes (1984) 0:961.(8)
Becirevie et all, (2005) 0:960(9)
This work (guad.) 0:967(6)
This woerk (ChPIF + quad:) 0:952(6)
This woerk (paChkPT + quad’) 0,945(6)
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\/ector charge: radius

= Charge radius IS a slope
ofi the form factor near

<= 0.1340
<, =0.1343
o K =0.1346
<_=0.1350
v K =0.1355

r ”=12|;9 —% 2Inm—’2’+lnm—'§+3
f 27 f Y7, Y7,

= \We fit the data with
ChPT + linear cf) the exp. value

(r?) " =0.331(8) fm’

<r2>:” =0.26(3) fm? (preliminary)
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Scalar charge radits

K =0.1340
K =0.1343

= [[he same analysis can
e applied to the scalar |
charge radius

2 Kz 2 ..
<r >S =0.37(6) fm* (preliminary)

K_=0.1350
K_=0.1355

“er,)

Kn
©
)

2

<r >_S

e
-

= OVershoots the exp.
value 0:21(3) fm
(PDG2004)

QO
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SUmmary.

m lattice QCD enables us torcalculate the kaon
form factor from the first principle off QCID

= a3 few percent statistical aceuracy can e
achieved by the double ratio method

m Study of systematic errors should be made,
especially, much lighter sea quarks.are
necessary for reliable chiral extrapolation

m details are presented in hep-lat/0510068
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